Abstract. The purpose of the paper is to study the current state and trends in the development of the basic indicators of the EU gas sector, to generalize the theoretical and methodological approaches to calculating the gas diversification factor, assess and analyze its level in the EU countries in 2001-2015, and study the experience of European countries in addressing the diversification problems. Methodology. The methodological basis of the study was the works of domestic and foreign scientists devoted to the issues of gas supply diversification. The study is based on the analysis of the gas sector indicators and used analysis, synthesis, combination grouping and statistical-economic methods. Results of the of the study showed that in the EU countries in recent years there has been a noticeable tendency to reduce natural gas reserves, reduce the level of its production and increase consumption, which leads to an increase in import dependence. The largest consumers of natural gas in the EU are the United Kingdom, Germany, Italy, the Netherlands and France. The main external importers of pipeline gas to the EU countries are the Russian Federation, Algeria and Norway, and liquefied gas -Qatar, Algeria and Nigeria. It is established that at the end of 2015, the most diversified gas supply is to countries such as France, Belgium and Italy; a low level of gas supply diversification is observed in Hungary, Poland and Greece. Practical implications. The analysis of basic indicators which characterize the state and development of trends of the European gas market in 2000-2015 is carried out. The assessment and analysis of the level of diversification of natural gas supplies in the EU countries in 2001-2015 have been analyzed. Value/originality. It was proposed an original approach to calculate the gas diversification factor, which takes into account both the number of sources and the structure of the volumes of supplies from different sources.
Introduction
One of the main conditions for the state economical security is an effective energy policy on sustainable energy supplies. Currently, global energy sector is characterized by limitations and exhaustion of hydrocarbon reserves, an imbalance between the availability of domestic energy resources and their demand, an increasing demand for energy, fluctuations in energy prices and increasing environmental requirements for their use.
Trends of EU gas market
The current state of the EU gas market is characterized by the following trends:
-reduction of proved reserves; -decline in natural gas production; -the increasing demand for natural gas;
-rising import dependence; -the attempts of some EU countries to diversify domestic gas market through alternative sources and routes of gas supply.
Proved reserves of the European Union according to the British company British Petroleum at the end of 2000 were estimated at 3.82 trillion m3 (2.5% of world reserves), and at the end of 2010 they decreased to 2.44 trillion m3 which is only 1.3% of world reserves and is the lowest among all regions. It should be noted that gas is extracted by only 7 countries out of the 27 countries of EU (Table 1) .
As shown in Table 1 , the most significant natural gas reserves, the value of which at the end of the analyzed period amounted to 0.7 trillion m3 (63.6%) can be found in the Netherlands. We should note the annual negative trend towards reducing the resource base by Vol. 3, No. 1, 2017 increasing production of hydrocarbons and reducing the proportion of the finding of large fields.
At the end of 2000 the United Kingdom had a significant share of natural gas reserves -1.2 trillion m 3 (31.4%), but due to the exhaustion of gas fields during 15 years, the resource base has decreased by 6 times (to the level of 0.2 trillion).
Romania is the only EU country which during the reviewed period was characterized by the growth of the resource base. Proved natural gas reserves of the country in 2005 due to the detection of hydrocarbons in the area of Snake Island have doubled in comparing with the previous analyzed period and came up to 0.63 trillion m 3 . In 2005 a foreign investor, the Austrian oil company OMV, came to Romania, which had bought 35% of shares of Parent Petroleum Romanian company Petrom, and signed an agreement on developing the shelf. Thus, Romania at the end of 2010 took a second place (24.5%) among the EU countries on proved reserves.
During the analyzed period Poland had proved reserves of gas in 0,1-0,12 trln.m 3 . Poland is the only EU country which for the past 15 years was characterized by stabilization of the resource base. One of the largest gas fields in the EU -Przemysl-Yaksmanitse lies in this country.
Most European countries don't have their own natural gas deposits due to the unbalanced distribution of natural gas resources. The general trend during analyzed period is stabilization of proved natural gas reserves in Poland and the decline in proved reserves in other EU countries. According to British Petroleum, the deposits of natural gas in the EU under the existing extraction volume and unchanged stocks would last only for 11 years (comparing the production volumes and proved reserves of natural gas according to the data of 2015). Thus, the limited internal resource base is typical for this region.
The major trends in the volume of extraction depend not only on natural gas reserves, but on the volume of exploration, development of new deposits and implementation of new technologies. Indicators of natural gas in the EU are shown in Table 2 .
The data in Table 2 show a slight decline of extraction in 2000-2004 and increase of reduction of gas production in the coming years. In 2015, the annual natural gas extraction in Europe decreased to 120.1 billion m 3 , representing 3.4% of world production. This trend is due to the exhaustion of gas fields, complication of terms of gas production, reduction in exploration work and proved reserves.
The largest share of gas extraction during 2000-2008 was from the UK, but in 2000 the country produced 108.4 billion m 3 (46.7% of total EU production), whereas in 2015 only 39.7 billion m 3 ( 33% of total production), which is almost three times less. This , which brought this country to the position of the largest distributors of gas in the EU.
As shown in Table 2 , the Netherlands (35.8% of production in 2015) and the UK (33%) were the largest producers of gas among European countries. These two countries account for almost 70% of the extracted natural gas in the EU. The smallest volume of natural gas is produced in Poland.
Overall in 2000-2015 gas production in the EU decreased. The largest reduction in gas production was noted in the UK. The EU is the only region in the world where over the last 15 years the extraction volume of gas has decreased.
Consumption of natural gas in the country depends on economic growth, industrialization, industrial policy and the development of other energy resources, table 3.
As shown in Table 3 , overall gas demand in the EU increased by 2010 and reached the maximum level of consumption during the analyzed decade -492.5 billion m 3 . During the following years there was a 22 % reduction in demand. According to the results of 2015, the volume of natural gas increased by 4.5% compared to the previous period. Overall consumption in the European Union over the last fifteen years decreased by 8.7%.
The structure of natural gas consumption in some countries remained virtually unchanged throughout the period under review, which indicates the inertia of energy sectors of these countries and dependence of national economies on the appropriate resources. Geography of gas consumption is characterized as follows: 70% gas (based on 2015) accounted for 5 European countries (UK, Germany, Italy, the Netherlands and France). At the same time, the share of gas consumption in Bulgaria, Denmark, Greece, Finland, Lithuania and Sweden is less than 1% of total EU volume.
During the period under review in the EU there was a growing imbalance between the volume of consumption and production of natural gas. Dynamics of natural gas deficit is negative, because it has a clear upward trend. Thus, if the European Union in 2000 met the demand of gas production at 52.66%, in 2010 -only at 29.87%. Therefore, a feature of the European gas market is characterized as high level of import dependence .
According to the forecasts of a British company "British Petroleum" in the long run out of the extractive energy resources there will be an increasing demand for natural gas due to its more favorable environmental characteristics (BP world development forecast: Forecast of World Energy Development 2030).
The increase in gas demand in the EU is predetermined by (Saprykin V., 2004) : -The prospect of the nuclear power plants shutdown in some EU countries (Germany, Switzerland, Belgium). May 30, 2011 the German government announced its decision to close by 2022 all 17 nuclear reactors, which today produce about 23% of electricity. Switzerland by 2034 plans to close all five nuclear power plants, which account for about 40% of energy in the country. The gradual closure of the Belgian nuclear power plants to be completed by 2025; -The need to supply natural gas to certain regions of the EU, which still do not receive it due to the construction of new gas pipelines; -Increasing number of the EU member states (Croatia became the 28th member of the EU July 1, 2013, candidates for the EU membership are Albania, Iceland, Macedonia, Serbia, Turkey and Montenegro, possible candidate are Bosnia and Herzegovina, Kosovo).
Due to the absence of its own resource base, European countries have to import natural gas, Table 4 .
A characteristic feature of the European gas market during the years of 2009-2015 was stable level of import dependance (except 2014), since the volume of imported natural gas was almost at the same level, although since 2011 there was a downward trend in import.
Partially deficit of natural gas is covered by domestic import -from Denmark and the Netherlands. The major foreign importers of pipeline gas to the EU are the Russian Federation, Algeria and Norway. Certain amounts of gas to European countries are transmitted from Libya. It should be noted that big share of imported Vol. 3, No. 1, 2017 gas during 2009-2011 came from Russia (26-28%), and in 2012 -up to 34%, therefore European countries have become more dependent on Russian gas. Thus, one third of the analyzed energy resources to EU countries comes from Russia, but due to the international standards of security energy supplies from other sources should not exceed 25% (Volovich A.) . Diversification of natural gas supply to the European Union is provided by LNG technology, which is natural gas transportation in liquefied state using special gas carriers.
Belgium, France, Greece, Italy, Spain, Portugal and the United Kingdom are the LNG consumers among the Europien countries. The main importers are Qatar, Algeria and Nigeria. Certain amounts of liquefied natural gas European countries get from Norway, Peru, Trinidad and Tobago, Egypt, Emena, Oman, Equatorial Guinea and Libya.
It should be noted that during the analyzed period the ratio between the volume of natural gas transportation by pipelines and by LNG technology has changed towards increasing the main pipeline transportation.
A significant deficit of energy in the EU causes the urgency of solving the problem of diversification of sources and routes of supply to domestic national markets.
Indicators of diversification of gas supply
The analysis of publications shows the lack of scientifically proved methodical approaches to evaluation of the diversification of certain types of energy resources to the national markets. Natural gas is no exception.
Considering the problem of diversification of gas supply for certain national markets, the share of the natural gas in the energy balance of the country should be taken into consideration, as well as the the number of external sources of gas supply, diversification of the transport infrastructure for gas to supply, and the share of gas coming from different sources.
To assess the impact of the diversification of gas supply we should reasonably measure its level using quantitative and qualitative indicators. To assess the level of diversification we suggest the following indicators (Dzoba O., 2012) :
The absolute level of diversification. It is determined by the total number of independent gas suppliers. For more complete idea about the nature of diversification it would be desirable to allocate the number of suppliers by gas pipelines and LNG. In accordance with international standards, energy imports is considered reliable if the supply is carried out of at least three sources (Volovich A.) , thus compliance with these conditions means that gas supply is diversified.
The maximum volume of supply from one source. According to the international criteria of energy security, energy supply from one source should not exceed 25% (Volovich A.) , therefore the limiting volume of supply will be:
where Qt -the total import volume of natural gas, m3. The relative diversification coefficient, which takes into account the number of suppliers and their supply volumes.
where Qi -the amount of gas supplied by individual producer (from one source):
n -the number of sources of gas supply. We propose the following grading diversification, which covers four main areas (table 5). Vol. 3, No. 1, 2017 It should be noted that this factor can be considered if the minimum condition of diversification is met, namely the energy supply is carried out of at least three sources.
Evaluation of the diversication of gas supplies in the EU
Using these indicators, we will analyze the principle of diversification of the EU countries, including the UK (table 6). The coefficients of diversification of gas supplies in Europe in the years 2001-2015 were summarized in table 7.
The analysis showed that a high diversification level is typical for France and Spain, but during the last 2-3 years the diversification of gas supply has deteriorated. Belgium has achieved a high level during 2009 , and Italy -in 2010 -2012 For Germany diversification coefficient by 2012 was in medium rate, and over the next two years dropped to 73%. Until 2005 the diversification rate in the UK was low, and the next four years were characterized by critical diversification, in 2010 the index moved to the average rate, but at the end of the reviewed period it was characterized by weak diversification again. For the Netherlands it was also characterized by variable diversification zones: low (2001-2002), medium (2003-2007), high (2008), medium (2009-2010) and low (2011-2014) .
Critical diversification of sources and ways of natural gas supply is characteristic of Slovenia. Austria has optimized the partial gas supply since 2007 to reach a low level of diversification. In 2008 Greece also moved into this zone.
The critical diversification level of natural gas supply is observed in post-Soviet countries such as Hungary, Poland and Romania.
As for the other EU countries, the partial diversification of gas supply is typical for the Czech Republic (imports gas from Norway and Russia), Luxembourg (during 2001 Luxembourg (during -2002 carried supplies from Germany and the Netherlands, and since 2003 gas was imported from Belgium instead of Netherlands) and Sweden (since 2003 -two sources of natural gas supply). The absolute level of diversification of gas supply (the number of independent gas suppliers) Vol. 3, No. 1, 2017 The other EU countries import the entire volume of natural gas from one supplier: Bulgaria, Finland, Lithuania, Latvia and Slovakia from Russia, and Irelandfrom Britain. These countries are in a position that is internationally called critical monopoly dependence, because they are 100% depended on one gas supplier.
To increase gas diversification in EU, countries should deepen cooperation with countries -suppliers and transit countries of energy resources, conduct a search for alternative exporting countries, develop diverse routes and introduce new technologies. In addition, countries when developing their own strategies of gas supply should not only consider the pros and cons of diversification, but the ratio of supply from different sources and the risk of abusing the energy security.
Conclusions
As a result of research the original approach to the evaluation of the diversification level of gas supply to individual national markets was offered, which takes into account the number of sources and the structure of supply from various sources, and the diversification level of natural gas supply to the EU countries was analyzed.
It was found that in EU countries in recent years there has been a noticeable tendency to depletion of natural gas reserves, reducing its production and growth of consumption, which leads to the increase of the import dependence. EU demand in natural gas by domestic production was met in 2015 only by 29.87%.
The largest consumers of natural gas in the EU are the United Kingdom, Germany, Italy, the Netherlands and France. The major foreign importers of pipeline gas to the EU are the Russian Federation, Algeria and Norway, and LNG -Qatar, Algeria and Nigeria.
To reduce energy dependence, EU countries should diversify sources and routes of energy supply to ensure their own energy security. By the end of 2015 the most diversified gas supply countries were France, Belgium and Italy; the lowest level of diversification of gas supplies can be noted in Hungary, Poland and Greece. 
